It has been previously reported that in 2 C57BL mouse sublines a dark pigmentation of the cranial part of the spleen occurs in up to 30% of the animals within the populations. It was not clear whether this discoloration is caused by melanosis, lipofuscinosis or haemosiderosis. With the use of light and electron microscopy of stained spleen sections, we identified the pigment in 14 out of 60 C57BL mice aged 8-lOwks. In the mice with pigmented spleens there was accumulation of melanin, predominantly in melanophores. Literature data indicate that apart from melanin, lipofuscin and haemosiderin can be observed in splenic macrophages provided that the mice are older than those studied by us. We conclude that melanin is the principal pigment causing spleen discoloration in young C57BL mice. Splenic melanosis displays inter-individual variation, but its relevance from a pathophysiological point of view remains obscure.
Micej spleen pigmentationj melanosisj haemosiderosisj lipofuscinosis
In 2 C57BL mouse sublines a dark pigmentation of the cranial part of the spleen is frequently observed. Weissman (1967) claimed that this abnormality is caused by accumulation of melanin, but Crichton et ai. (1978) identified the pigment as lipofuscin, a reaction product of lipid peroxidation and polymerization. Veninga et ai. (1989) described the condition as splenic haemosiderosis due to the deposition of the iron containing pigment haemosiderin, which is derived from haemoglobin degradation. There is no conclusive evidence for either one of the 3 pigments and there may even be a combination of them as suggested by Danse and Crichton (1990) . The 3 pigments can be differentiated by staining with Perls' Prussian blue for haemosiderin, the periodic acid-Schiff reaction or the long Ziehl-Neels en technique for lipofuscin and Correspondence to: Annet van der Heijden MSc. Department of Laboratory Animal Science. Utrecht University. PO Box 80.166. NL-3508 TD Utrecht, The Netherlands. Telephone: +31.30.532033. Telefax: +31.30.537997 Accepted 11 January 1995 by bleaching for melanin (Bancroft & Stevens, 1990) .
Commercial rodent diets generally contain 150-250 mg iron/kg which is in excess of the requirement set at 25 mg/kg (National Research Council, 1978) . In both animals and man, chronic dietary iron overload can lead to haemosiderosis (Gillman et ai. 1959) . We therefore hypothesized that the spleen pigmentation seen in C57BL mice might be due to iron accumulation and that consequently the iron content of pigmented spleens should be higher than that of nonpigmented spleens. In the present study we tested this hypothesis by chemical determination of iron in normal and affected spleens. In addition, the spleen pigments were subjected to histological and electronmicroscopical examination.
Materials and methods
The experimental protocol was approved by the animal experiments committee of the laboratory Animals (1995) 29, 459-463 Department of Laboratory Animal Science, Utrecht University.
Animals, housing and diets
Sixty male C57BL/6J1coUmice, aged 8-lOwks, were used. The black mice were derived from the colony of the Central Laboratory Animals Facility of Utrecht University, The Netherlands. They were housed in groups of 10 animals in wire-topped, polycarbonate cages (37.5 x 22.5 x 15.0 em) with a sawdust bedding. The cages were placed in a room with controlled temperature (20-22°C), relative humidity (40-65%) and light cycle (light, 06:00-18:00h}.The mice had ad libitum access to tap water and a commercial pelleted diet (RMH-TM®,Hope Farms, Woerden, The Netherlands), which is a test and maintenance diet for rats, mice and hamsters, containing 164 mg iron/kg according to the declaration. We determined the iron content as 205 mg/kg, confirming the well-known discrepancy between determined and catalogue values for the composition of commercial rodent diets (Beynen 1987).
Experimental procedures
Ten days after arrival, the mice were anaesthetized by diethyl ether. Blood was obtained by heart puncture and immediately thereafter the mice were killed by cervical dislocation. Spleen, liver and kidneys were removed. The spleen and liver were divided into 2 parts, a dorso-cranial and a ventracaudal one for the spleen and a left and a right one for the liver. From both parts of each organ material was sampled for chemical analysis and for histopathological investigation. A spleen sample taken at random was used to assess the total amount of iron in this organ.
Chemical analysis
The spleen and liver samples and the right kidney were freeze-dried overnight, homogenized and weighed. The tissues were then ashed at 500°C for 17h and dissolved in 6 moll 1 HCl. Iron in feed was determined after wet ashing: 5 g of feed was dissolved in 15ml of 10.3 molll nitric acid and heated at l20°C until a clear solution was van der Heijden et al.
obtained. Iron was determined with a Varian Atomic Absorption Spectrophotometer type AA-47SC (Varian Techtron, Springvale, Australia). In whole, heparinized blood, haemoglobin concentration was determined using a SysmexKlOOO (AutomatedHematology Analyzer, Toa Medical Electronics Co. Ltd, Kobe, Japan). After centrifugation, iron, total iron binding capacity and transferrin saturation were determined in plasma with the use of a commercial test combination (Iron FZ, Roche Diagnostics, Basel, Switzerland) and a COBAS-BIOauto-analyzer (Hoffmann-La Roche BV, Mijdrecht, The Netherlands).
Histological analysis
The remaining spleen and liver portions and the left kidney were fixed in 10% phosphate buffered formalin (3.8% formaldehyde) and routinely processed for embedding in paraffin. Sections (5/lm) were cut and stained with haematoxylin and eosin (HE),periodic acid-$chiff-haematoxylin (PAS', Perls' Prussian Blue for ferric iron, long Ziehl-Neels en method for lipofuscin and bleached by 0.25% potassium permanganate (20min) followed by 1% oxalic acid (Bancroft & Stevens 1990) .
Electron microscopy
Formalin-fixed parts of the spleen were used for electron microscopy. Small tissue samples were further fixed in 4% paraformaldehyde and 5% glutaraldehyde solution with 0.05% calcium chloride in 0.08 M sodium cacodylate (pH 7.2) for 16h. After further postfixation (twice for 1 h) in 2% OS04 buffered with 0.1 M sodium cacodylate and rinsing (twice for 30 min) with 0.1 M sodium cacodylate, tissue specimens were stained (twice for 2 h), with 2% uranyl acetate, dehydrated in a graded series of acetone and embedded in Durcupan ACM (Fluka Ag., 9470 Buchs, Switzerland). Ultrathin sections were stained with lead citrate and examined with an EM 202 Philips electron microscope.
Statistics
All values are presented as mean ± SD. Differences between group means were determined with Student's t-test for normally 'ResuIts expressed as means+ SO *Significantly different (P<O-:-05) from mice with pigmented spleen completely. Only a few cells stained positive after the periodic acid-Schiff reaction, but the long Ziehl-Neels en technique uniformly gave negative results. After staining with Peds' Prussian blue small amounts of iron appeared to be ' present in the macrophages in the red pulp. Some variation in the amount of iron was noted but there was neither a systematic difference between pigmented and nonpigmented spleens nor between dorsal and ventral poles. Some macrophages contained both melanin and iron, and after bleaching only the iron remained. In liver and kidney no abnormalities were detected and melanin iron and lipofuscin were not found. The ' electron microscopical examination of the sections also showed that the melanin was present within melanosomes in melanocytes ( Fig. 1) . Only a few macrophages with lysosomes containing lipofuscin were observed. Lysosomes were not found in melanocytes.
distributed data and with Wilcoxon's Rank
Sum test if the data were not normally distributed. The level of significance was preset at P<0.05.
Results
Out of the 60 C57BLmice, 14 had pigmented spleens. Body weight and organ weights did not differ significantly between normal and affected mice (Table 1 ). There were no significant group differences in the measured blood iron parameters (results not shown).
In pigmented spleens, the dark-brown to black discoloration usually was present in the dorso-cranial part. It varied in its distribution from small foci to larger areas occupying most of the dorsal part of the spleen. Pigment deposition was not seen in liver and kidney.
Spleen iron concentration of pigmented spleens was significantly lower than that of non-pigmented spleens [ Table 2 ). This difference was observed mainly in the caudal part of the spleen. Iron concentration in liver and kidney did not differ significantly between the 2 groups of mice (Table 2) .
In haematoxylin and eosin stained sections f the pigmented parts of the spleens, a fme granular dark brown pigment was observed. This pigment was mainly present in typical melanophores with long extensions and occasionally in macrophages. The melanophores (melanocytesl were generally found in or along the capsule, the trabecula and in the red pulp. Sometimes, a few melanocytes were seen in the white pulp.
Mter bleaching, the pigment had disappeared 
Discussion
We hypothesized that the spleen pigmentation commonly seen in C57BL mice is due to accumulation of iron as a result of the relatively high iron intakes as caused by the feeding of commercial laboratory rodent diets. In contrast, the chemical analyses showed lower instead of higher iron concentrations in the pigmented spleens. The physiological relevance of this observation, if any, is unknown. Maybe there was a lower blood content in the pigmented than in the non-pigmented spleens. The relative volume of the melanocytes is small and should not affect the filling of the spleen with blood. The histological observations confirmed the absence of splenic haemosiderosis in mice with a pigmented spleen. The results of the periodic acid-Schiff reaction and the long Ziehl-Neelsen technique ruled out deposition of lipofuscin. The pigmentation of the spleen in CS7BL mice appeared to be caused by accumulation of melanin, which was present predominantly in typical melanocytes.
Veninga et 01. (1989) and Crichton et 01. (1978) found most of the splenic pigment in macrophages, but we observed it mainly in the melanocytes. Only a small proportion of the melanin and haemosiderin was seen in the macrophages. We used mice aged 8-lOwks whereas Veninga et 01. (1989) and Crichton et 01. (1978) Crichton 1990 ). Because we studied younger mice with spleens not containing haemosiderin or lipofuscin, melanin was the principal pigment discolouring the spleen as was also suggested by Sundberg (1991) . The relevance of this spleen pigmentation in CS7BL mice is unclear. The animals with pigmented spleens had normal body weight and did not exhibit clinical symptoms or behavioural abnormalities. In animal species such as cattle and sheep, patchy pigmentation of lungs, spleen and liver has been reported (Schulz 1991) . In calves, this so-called melanosis maculosa disappears with ageing. In many species of amphibians, reptiles and birds a black pigmentation of the serosal coverings and the abdominal organs is considered normal. Melanosis of the spleen in the black C57BL mice may be associated with pigmentation of the skin and may thus be a strain characteristic. It may be considered an atavism (Schulz 1991) . In this light, it is likely that splenic melanosis has no significance as to the physiology of CS7BL mice. The mechanism and conditions that elicit the interindividual variation in splenic melanosis in C57BL mice remain unexplained.
